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By W i l l F a m  R .  Prince and Dorwin B. Wile 

“he a l t i t ude  performance of the  600-B9 compressor, turbine, 
and combustor components operating as in tegra l  parts of the  engine 
w a s  determined i n   t h e  NACA Lewis a l t i t ude  wind tunnel. The investigation 
was conducted  over a range of simulated flight conditions  corresponding 
t o  a l t i tudes  from W O  t o  45,000 f e e t  and flight Mach numbers f r o m  0.160 
to 0.997 (corresponding t o  a Reynolds mmher index  range from  0.795 t o  
0 .la). 

- The compressor  and turbine were matched i n  such a manner t h a t  at a 
Reynolds number index of 0.795 and the sea-level s t a t i c   mi l i t a ry   t h rus t  
condition  the compressor operated at the  design  pressure  ratio  of 9.0 with 
A compressor efficiency of  0.845 and a corrected air f low of 167 pounds 
per second. The maximum compressor efficiency of 0.87 occurred at a cor- 
rected  engine  speed  corresponding to approximately 92 percent of  ra ted 
engine  speed. Compressor operation at lower Reynolds number index re- 
sulted i n  decreased compressor efficiency and corrected air flow. Tur- 
bine  operation a t  the mili tary thrust condition  for 0.795 compressor- 
i n l e t  Reynolds number index  resulted  in a turbine  efficiency of 0.82 and 
a turbine  pressure  ratio of 3.6. Operation at minimum Reynolds number 
index resulted  in  decreased  turbine  efficiency and corrected gas flow. 
The combustion efficiency  correlated w i t h  the combustion parameter FT/V 
( total   pressure times total temperature/velocity, (lb/sq ft abs) (OR)/(ft/sec)). 
Combustion efficiency was not affected by changes i n  corrected  engine 
speed, and variations in flight conditions  corresponding to a reduction 
i n  Reynolds number index  from 0.795 t o  0.164 lowered  conibustion effi- 
ciency from about 0.99 to 0.94. 

The to t a l   va r sa t ion   i n  component efficiency with change i n   a l t i t u d e  
at a constam  r l ight  Mach  number resul ted from both a change in  corrected 

dit ion,  an  increase i n   a l t i t u d e  from sea l e v e l   t o  45,000 fee t  a t  a con- 
stant f l i g h t  Mach  number of 0.8 resulted in a decrease in compressor 

. engine  speed and i n  Reynolds number index.  For  the military thrust con- 

v efficiency from 0.86 to 0.78; of this  decrease,  about  two-thirds was  due 
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t o  the increase  in  corrected engine  speed. For the same operating con- 
ditions,  the  turbine  efficiency  decreased  approximately 2 percent,  pri- 
marily as a result of the reduction i n  Reynolds number. 

An invest igat ion  to  determine the a l t i tude  performance  of the 
W-E9 components operating as integral parts of the engine was 
conducted in the NACA Lewis a l t i t ude  wind t k l .  This inveetiga- 
t i o n  was made in conjunction with the  altitude-wind-tunnel Fnvestiga- 
t i o n   t o  determine  over-all performance character is t ics  of this turbo- 
j e t  engine. 

w 
Sea-level performance investigations of the compressor and turbine 

have  been conducted and are reported in  references 1 and 2, respec- 
t ive ly .  Because of the nature   of   the   r ig   tes ts ,   a l t i tude  effects  on 
the coarpressor and turbine performance  could  not  be  determined; and, 
since  the components were sepaxately  tested,   the  effect  of flight con- 
d i t ion  on the  operating  points of the components could  not  be  determined. 

The purpose of this report is (1) to   descr ibe  the performance of 
each component over a range of a l t i tudes,  (2) t o  s h o w  the effect  of flight 
conditions on operating  point of each component, and (3) t o   s m r i z e  
br ie f ly  the effects of changes i n  component performance with f l i gh t  con- 
d i t ion  on the  over-all  engine performance. 

The data were obtained at f ive  f ixed settings of the  varlable-area 
exhaust nozzle over an engine-speed range r e s t r i c t ed   t o  that obtainable 
with the acceleration  air-bleed ports closed.  Simulated f l i g h t  condi- 
t ions were for  a range of a l t i tudes  from 6000 t o  45,000 f ee t  and f l i g h t  
Mach numbers from 0 .EO t o  0.997 (correspmding t o  Reynolds number index 
range from 0.795 to 0.164) . A tabulation of component performance data 
i s  presented In t ab le  I. 

INSTALLATION AND INSTRUMENTATION 

Ins ta l la t ion  

The ins ta l la t ion  of the engine i n  the   a l t i tude  wind tunnel is shown 
i n  figure 1. Dry refrigerated air w a s  supplied t o   t h e  engine i n l e t  
through a duct f r o m  t he  tunnel make-up air system. I n  this system, air  
is th ro t t led  f r o m  approximately  sea-level  pressure t o  an engine-inlet 
stagnation  pressure  corresponding to   the  desired flight condition. 
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Instrumentation 
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Location of the  instrumentation  used t o  determine  the component 
performance i s  shown i n   f i g u r e  2 .  The engine a i r  flow was  measured both 
at   the  engine-inlet  annulus ( s ta t ion  1) and at a s t a t i o n   i n   t h e   i n l e t -  
air duct (not shown i n   f i g .  2) .  

The temperatures measured a t   t h e  exhaust-nozzle inlet  ( s ta t ion  6) 
were used as the  turbine-outlet  temperatures,  because the downstream 
s ta t ion  w a s  less affected  by  turbine  radiation and also  provided a 
greater mixing length  for   the gas. 

The pressures at s ta t ions 1, 5, and 6 were measured with aUcazene- 
f i l l e d  manometers; whereas those at stat ions 2, 3, and 4 were  measured 
with  mercury-filled manometers. All pressures w e r e  photographically 
recorded. The temperatures at s t a t ion  1 were measured with  iron- 
constantan  thPrmocouples, and those at s ta t ions 2, 4, and 6 with 
chromel-alumel thermcouples; a l l  temperatures were recorded by se l f -  
balancing  potentioaeters. 

APPARATUS 

The 600-B9 turbojet  engine  with  provision  for  afterburning has 
static  sea-level  ratings  for  the  nonafterburning case as follows: 

I MLlitars I Normal I 
Engine  speed, r p m  

Spectf ic   fuel  consumption, 
8208 9515 Thrust, l b  

1210( 1670' R) Turbine-outlet  temperature, ?? 
6000 6100 

lb/  (hr) (lb th rus t )  0.989 0.927 

Compressor 

Compressor description and significant  design  parameters. - me 16- 
stage  single-entry  axial-flow conrpressor h a  a constant t i p  diameter of 
33.5 inches. * The &tor  hub-tip  radius  ratios  for the f i rs t  and six- 
teenth stages are 0.550 asd 0.891, respectively;  rotor  blade  chord for 
these two stages are 2.25 and 0.75. D e s i g n  afr f l o w  is 155 pounds per 
second,  and spec i f i c   a i r  flow based on design  flow is 25.4 pounds per 
second per square foot of f r o n t a l  area (based on compressor t i p   d i m . ) .  
The design t i p  'Mach  number i s  0.72. The design compressor pressure ratio is 
i s  9.0, and the  average  pressure  ratio per stage is 1.147. 
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Acceleration a k b l e e d .  - The use of bleed  ports  permits  engine 
acceleration  in  the  intermediate speed  range (65 t o  85 percent of rated) 
where, as a consequence of the  compressor surge  characixristics,  the 
compressor operating  line approaches the  surge  l ine  ( ref  1) A i r  i s  
bled from eight  ports  in  the  combustor-inlet  section. The ports  operate 
automatically and are  normally  scheduled t o  be open between 55 and 92 per- 
cent of ra ted  engine  speed. 

d 

Conibustor 

The couibustor i s  of the  annular  type  with  ten through-flow inner 
l iners .  Each of the  ten liners was supplied fuel through single- 
i n l e t  duplex fuel  nozzles.  Ignition was provided by two spark  plugs 
located  in  diametrically  oBosite  l iners.  The approximate combustor- 
inlet   reference  velocity based on f u l l  burner-section area at design 
sea-level  conditfons i s  90 feet per  second. 

Turbine 

The three-stage  turbine  rotor  has a 33.5-inch  constant t i p  
diameter; the annulax area increases  through  the  turbine,  the inner 
shroud having a cone half-angle of no, The rotor  hub-tip  radius  ratios - 
of the  first, second, and t h i rd  stages are  0.795, 0.746, and 0.697, re-  
spectively; and the  design  division of work is 38.5, 33, and 28.5 percent 
for the  three  stages.  Rated turbine-inlet  temperature is 21600 R. De- 
sign work and design  rotational  speed  (both  corrected  to  rated  turbine- 
i n l e t  temperature) are 32.4 B tu  per pound and 3028 rpm, respectively. 
Design weight  flow  based on design air flow  (corrected  to  rated  turbine- 
inlet   pressure and temperature) i s  38.8 pounds per second. 

PROCEDURE 

Component performance data were obtained, i n  conjunction  with  engine 
operation  (afterburner  inoperative) , over a ran$e of simulated f l i g h t  
conditions  for  al t i tudes from 6000 t o  45,000 f e e t ,   f l i g h t  Mach numbers 
from 0.160 to 0.997, and engine  speeds from 86 t o  102 percent of rated 
speed.  For a l l   t h e  data presented  herein,  the  acceleration  air-bleed 
ports were set t o  remain in  the  closed  postt ion.  Compressor surge char- 
ac te r i s t i c s  did not.allow  steady-state  operation  at  engine  speeds below 
86 percent of rated with  the  bleed  ports  closed. The data were obtained 
with  five  fixed  positions of the  variable-area  exhaust  nozzle  having 
projected  areas of 2.54, 2.685, 2.86, 3.18, and 4.13 square f ee t .  

9 

Teat-section  static  pressures were set   to   the  desired  a l t i tude  pres-  
sure .  Engine-inlet  stagnation  pressures were s e t   t o  correspond t o   t h e  8 
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desired  flight  conditions  with  100-percent  ram-pressure  recovery assumed. 
Engine-inlet  stagnation  temperatures w e r e  set at NACA standard  values 
for each flight  condition,  except that the  minimum temperature  obtained 
was about -20° F . 

Fuel conforming to   the   spec i f ica t ion  MIL-F-S624A, grade JP-4, with 
a lower heating  value of 18,700 B t u  per pound  and a hydrogen-carbon 
r a t io  of 0.171 was used throughout the  investigation. 

L 

c 

The symbols and the rnethD36 used in   the  calculat ion of the component 
performance are presented  in appendixes A and B, respectively. 

RWULTS AND DISCUSSION 

The a l t i tude  performance of the  compressor, the  turbine, an3 the  
combustor of t h e  60O-E.9 engine,  operating as i so la ted   component^, w i l l  be 
discussed f i r s t ;  and,  second, the effect  of f l ight   condi t ion on operating 
point and the  trends of t h e  performance of each component with  vazia- 
t i ons   i n  engine and fl ight  conditions will be shown. The effects  of  
changes in component performance with flight condition on the over-all  
engine  performance w i l l  also be discussed. 

Since  the  exhaust  nozzle w&5 choked for mast of the data, the  per- 
formance maps are  presented  in terms of  conventional Reynolds number 
index  (see  appendix B) . The variat ion of Reynolds number index wlth 
a l t i tude  azld f l i g h t  Mach  number is  shown i n   f i g u r e  3 for the  values of 
Reynolds number index  corresponding to  the  simulated flight conditions 
of this  investigation.  Actual  al t i tude performance variations shown 
lh te r  were obtained  by  interpolating maps at various Reynolds number 
indices. 

All data  presented have  been generalized  to  standard  sea-level con- 
d i t i o n ~ .  A tabulation of component performance data is  presented  in 
tab le  I. 

Compressor Performance 

The over-all performance  of the  compressor as an  isolated component 
is presented  in terms of compresaor pressure  ratio and corrected air 
flow fo r   l i nes  of constant  corrected  engine  speed and compressor 
efficiency. 

Performance maps. - The compressor performaxe map fo r  a Reynolds 
number index of 0.795 is  shown i n  figure d ( a ) .  A t  design compressor 
pressure  ratio (9  .O) and rated-  Eorrected  engine  speed (6100 r p m )  , the 
corrected air flow was approximately 167 pounds per secon3, and the  
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compressor efficiency w a s  0.845. Compressor efficiency  reached a .saximum 
of 0.87 at a corrected  engine speed of approximately 5600 rpm. A t  a 
given  corrected  engine  speed,  variation i n  compressor pressure  ratio 98 
limited by  operation of the compressor and turbine as engine components 
caused var ia t ions   in  compressor efficiency on the order of 1 psrcent. 
The corrected air flow  for  the  high  corrected  engine  speeds was affected 
only  sl ightly by var ia t ion   in  compressor pressure  ratio.  

The compressor  performance map at  a Reynolds number index of 0.164 
is shown i n  f igure 4(b). A t  the  design compressor pressure  ra t io  and 
rated corrected  engine  speed,  corrected air  flaw and compressor e f f i -  
ciency had decreased  approximately 1 percent as compared wtth  the  higher 
Reynolds number condition. The decrease i n  compressor  performance re- 
sults  from change i n  Reynolds number, as will be  discussed i n   t h e  next 
section. Although t?le map is not  complete, the  data   indicate   that   the  
maximum compressor efficiency was 2 percent lower than for  the  high 
Reynolds number ana occurred at approximately the same corrected  engine 
speed.  Variations i n  compressor pressure  ratio at a given  corrected 
engine  speed had a greater  effect  on eflficiency a t   t h e  low Reynolds num- 
ber condition. 

dfrect  of Reynolds number index. - Compressor efficiency and cor- 
rected air flow are  shown in figure 5 as functtone of Reynolds number 
index for given  zorrected  engine  speeds and compressor pressure  ratios.  
Effect of Reynolds number index on efficiency w a s  greater at the  higher 
corrected  engine  speeds.  Variation i n  Reynolds number had no s igni f i -  
cant   effect  on corrected air flow  or  efficiency for values of R e m l d a  
number index  greater  than  about 0.5. 

Performance maps f o r  compressor and turbine 88 engine components. - 
The following  analysis i s  presented t o  establish the  interaction between 

(Symbols a r e  defined i n  appendix A .  ) 

If these quantities me  generalized to engine-inlet  conditions by 
the  use of 61 and €31, then (assuming t h a t   t h e   r a t i o  of a i r  flow to  
gas f low is constant)  the following equation is obtained: 
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If it is assumed that  the  pressure drop 
0 4  constant  percentage of the  compressor-outlet 
8 be  rewritten  as follows: 
(0 

. 

across the  combustor is a 
pressure, equation (2) may 

Thus, the operating  point  of a compressor functioning as an  integral  
comgonent of an  engine i s  determined by the corrected  engine  speed  (pri- 
mary factor  dekrmining  corrected air flow) and the  turbine- inlet  t o  
engine-inlet  temperature  ratio, *ich, with  effective area of the  turbfne, 
determines the  compressor pressure  ratio.  

In  order to show the performance of the compressor as an engine 
component, operating  lines of constant  turbine-inlet  to  engine-inlet 
temperature r a t io   a r e  superimposed on the performance map of f igure 4( a), 
and the  resul tant  map i s  shown f o r  the high Reynolds nwiber condition 
i n  figure 6( a) . A t  the  mil i tary thrust condition where the  turbine- 
inlet   to  engine-inlet   temperature  ratio n s  4.16 (NACA standard  s ta t ic  
sea-level  temperature) and the  corrected  engine  speed w a s  6100 r p m ,  the  
compressor operated at the  design compressor pressure  ratio of 9.0 a t  
which the  corrected air flow w a s  167 pounds per second an& the compres- 
sor  efficiency was 0.845. Operation of  the  coupeasor at the  design 
pressure  ratio for the   mil i tary t h r u s t  and high Reynolds number condi- 
t ion  indicates   that  the coaqressor was properly matched with  the t u r -  
bine at design  operating  conditions. 

For  the  military  thrust  conditions  (corrected  engine  speed 6100 rpm 
and turbine-inlet  t o  engine-inlet  temperature  ratio 4.16), t he  cornpres- 
sor operating  point  for  the low Reynolds number condition (fig. 6(b)) 
occurred at a compressor pressme  ra t io  of  9.2 with a corrected  a i r  f l ox  
of 163 pounds per second and 8 compressor efficiency of 0.83. The s h i f t  
to lower corrected air f l o w  and  compressor efficiency was similar t o  
tha t  noted for  the  case of the compreesor operating as an  isolated com- 
ponent and has  been  accounted for  primarily  fromthe  effect of Reynolds 
number on the  compressor. The higher compressor preseure  ratio  also 
tends to reduce  the  corrected air flow. The s h i f t   i n  compressor 



operating  point t o  increased compressor presaure  ratio wfth the decrease 
i n  Reynolds number index is  associated  wlth a change i n   t h e  matched oper- 
a t ion of the  conpressor and turbine, which primarily  results from a de- 
crease in   tu rb ine-cr i t ica l  f l o w  area, as will be shown in conjunction 
with the  turbine performance. 

By use of figure 7, which presents  the  effect of exhaust-nozzle 
area on compressor pressure  ratio and turbine-inlet   to  englne-inlet  tern- 
pera ture   ra t io   for   the  high Reynolds number condition, and of the  corn- 
pressor map ( f ig .  6( a) ), compressor  performance (for   this   specif ic  Reyn- 
olds number Index)  can  be  determined fo r  any combination of exhaust- 
nozzle  area and corrected  engine speed. Similar  curves for other Reyn- 
olds number indices  can be constructed from the  data presented i n  
table I. 

Turbine Performance 

Perfomance maps. - The over-all performance of the  turbine is  pre- 
sented  in terms of corrected  turbine  enthalpy drop and turbine  weight- 
flow  parameter fo r   l i nes  of constant  corrected  turbine  speed,  pressure 
ra t io ,  and efficiency. The performance maps f o r  compressor-inlet Rem- 
olds number indices of 0.795 and 0.164 are shown i n  figure 8. The 
limited  range  of  turbine  operation is characterist ic of that obtainable 
from investigation of a turbine as an in tegra l   par t  of an engine. 

The design  turbine  operating  point is defined by the  design  cor- 
rected  turbine speed of 3028 r p m  (military  thrust  condition) and the 
design  corrected  turbine errthalpy drop of 32.4 Btu per  pound. For the 
high Reynolds number coniiition  the  design  operating  point was at  a 
turbine  pressure  ratio of 3.6, a turbine  efficiency of 0.82, and a 
corrected  turbine  gas  flow of approximately 40.8 pounds per second. 
Correctecl turbine  gas f l o w  i e  obtained by dividing  out  tho  corrected 
turbine speed and the  factor  60 from the  weight-flow  parameter. A de- 
crease  in Reynolds number caused the  region of turbine operation t o  
sh i f t   to  lower values of weight-flow  parameter. The design  operating 
point for   the low Reynolds number condition was a t  a turbine pressure 
r a t i o  of-3 .8 ,  a turbine  efficiency of approximately 0.79, and a corrected 
turbine  gas  flow of approximately 38.7 pounds per second. 

The increase in   turbine  pressure  ra t io  as Reynolds number decreased 
resulted from the  reductions  in  both compressor and turbine  efficiencies, 
which required greater expansion  through the  turbine to provide  ths 
component work. The decrease in turbine  efficiency and corrected  tur- 
bine gas f l o w  is  attr ibuted  primarily to the  reduction in turbine 
Reynold8 nuniber, which w i l l  be  discussed in the followin$  section. 

Turbine  efficiency  for both flight  conditions  increased slightly, 
e i the r  at a constant  turbine  pressure  ratio with increase i n  corrected 
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turbine speed, o r  a t  a constant  corrected  turbine  speed with decrease i n  
turbine  pressure  ratio. The m a x i m u m  turblne  efficiency  for  the  high 
Reynolds number condition was 0.83 compared with 0.79 for the  low Reyn- 
olds number. Corrected  turbine  enthalpy  drop  decreased  with  reduction 
i n  Reynolds number indez (at 4 constant  corrected  turbine  speed and 
pressure  ratio)  as a result of the  decrease  in  turbine  efficiency. 

Effect of Reynolds nwber  index. - "he effect  of Reynolds number on 
turbine performance is shown i n  the p lo t   ( f ig .  9 )  of turbine  efficiency 
and corrected  turbine  gas flow as functions of  turbine-inlet Reynolds 
number index for  several   constant values of corrected  turbine  speed and 
pressure  ra t io .  Turbine efficiency and corrected turbine gas flow fo r  
conditiona shown remained essent ia l ly  unchanged for  values of Reynolds 
number index of 1.0 and greater.  

In  general, a decrease in turbine  efficiency and corrected  gas f l o w  
accouganied a decrease i n  Reynolds number index below 1.0; Turbine effi- 
ciency  for a corrected  turbine  speed of 3200 r p m  and turbine  pressure 
r a t i o  of 4.3 decreased  approximately 4 percent  for a decrease in Reynolds 
number index from 1.4 t o  0.25. The effect  of Reynolds number on turbine 
efficiency was less at the lower corrected turbine speeds.  For a Reyn- 
olds number index of 0.3, an increase Fn corrected  turbine  speed  from 
3000 t o  3200 r p m  r e su l t ed   i n  a 2-percent  decrease i n  turbine  efficiency. 

The corrected  turbine  gas f l o w  f o r  a corrected  turbine  speed of 
3200 r p m  and a pressure  ra t io  of 4.3 decreased  approximately 5 percent 
over  the range of Reynolds number index shown. This reduction i n  cor- 
rected  turbine gas flow (as mentioned  under conpressor  performance) fol- 
lows from the  apparent  decrease in   tu rb ine   e f fec t ive  flow area, which, 
for the  range of flight  conditions  investfgated, amounted to  approximately 
5 percent. As would be expected from the earlier  discussion of com- 
pressor and turbine matching, t he  observed  reduction in corrected tur- 
bine  gas  flow was accompanied by a proportional  increase  in compressor 
pressure  ratio.  A n  increase i n  corrected  turbine  speed  for a given low 
value of ReynDlds  number index  resulted in s l igh t ly  lower corrected tur- 
bine  gas flows. The change i n  corrected  turbine  gas flow f o r  d i f fe ren t  
corrected  turbine  speeds is indicative of a choking condition downstream 
of the first s t a to r .  This  condition W ~ S  also  indicated in the turbine 
r ig   invest igat ion  reported  in   reference 2. 

Combustor Performance 

The efficiency of a fixed combustor design i s  primarily a function 
of such  variables as fuel-air   ratio,   fuel  atomization, and combustor- 
inlet  pressure,  temperature, and velocity. In evaluating  the perform- 
ance of a combustor as an in tegra l   par t  of an engine, it i s  impossible 
to  control  these  variables  independently;  variations  in  engine speed, 
f l ight  condition, and exhaust-nozzle  area c h w e   i n  varying degrees these 
variables  affecting conibustlon efficiency. 
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variation of combustion "- efficiency  with combustion parameters PTfV 
and WaT6. - The interaction of the pri&-y combustion variables  (pres- 
sure, temperature, and velocity)  are combined into a  parkmeter PT/V 
that has been  found useful   ( ref .  3) in  correlating  combustion-efficiency 
data ( f ig .  10). BY use of the parameter W ~ T ~  (fig. 101, which is pro- 
por t iona l   to  PT/V, it is possible  to determine combustion efficiency 
when the engine  operat-lng and fl ight  conditions are known. 

- 
.. 

- 

The high. pressures and temperatures  inherent i n   t h e  600-B engine 
design  resul t   in  PT/V values f o r  the most :part above 25,003, and com- 
bustion  efficiencies below 0.90 were not  encountered at any conditiop 
investigated. Combustion efficiency inc.reas.ed  from  approximately 0.93. 
at TT/V value of 25,000 t o  about 0.99 f o r .  PTiV values of 100,ooO 
and  above. 

Effect of Reynalds number M e x  on coub,ustor total-pressure loss. - 
The total-pressure-loss  ratio as a function of the  square root of the 

" "- 
combustor-outlet to combustor-inlet  temperature ratio ( f ig .  11) decreased 
f roa 0 .OS5 f o r  a combustor temperature-ratio  pmimeter Of'l.26 to 0.055 
at a temperature-ratio  parameter of 1.52. 

. . ". 

B 

Performance of combustor as par t  of engine. - Primary combustion 
variables were not changed emugh to  affect   efficiency  appreciably 
through variations -in exhauet-nozzle  %ea.  Consequently, the  variation 
of combustion efficiency with corrected.engine  speed for each of the  
Reynolds nuniber indices  (fig.  12) is based on the  average of? data 05- 
tained 0-rer the  range of exhsust-nozzle  meas  investigated. Combustion 
efficiency was not  affected by changes in corrected  engine  speed, and 
var ia t ions   in  flight coaditiong  correspond.ng  t.o a reduction  In Reynolds 
nur&er index from 0.795 t o  0.164 lovered. co$bustiQn  efficiency from 
a k u t  0.99 t o  0.94. .. 

%gine  Performance.. . -. .. . 
. . .. 

EPfect  of flight condition on over-all, component performance. - The 
effects  of a l t i t ude  on c-onponent performanze -for two engine th rus t  con- 
dltions (mili tary and normal) &e shown in figure 13(a)  for a f l i g h t  
Mach number of 0.8. The var ia t ion   in  ,component performance is  shown as 
a function Df altituAe, inasmuch as con2onen-k efficiencies are  dFrectly 
a functfon of t h e i r  environment pressure, which is changed t o  EL greater 
extent by var ia t ion   in   a l t i tuae  at a constant flight Mach number than by 
a Mach number variation at constant  altitude. 

h increase in a l t i tude  from sea  level   to  45,000 f ee t   fo r   t he  mili- . 
tmy  thrust   condi t ion result; in an increase in corrected  engine speed 
fro= appoxiastely 5750 t o  6600 rpn and a decrease i n  Reynolds number 
inilex from 1.12 t o  0.27. Both of the above varla3lee af fec t  con2ressor 1 
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efficiency.  For an increase  in   a l t i tude from sea leve l  t o  45,000 feet ,  
compressor efficiency  (fig.  =(a)) decreased f r o m  approximately 0.86 t o  
0.78. O f  t h i s  decrease in   eff ic iency,  approximately  two-thirds was due 
to  the  increase  in  corrected  engine speed accompanying the  increase in 
al t i tude,  and the remaining  portion  resulted from the effect   of Reynolds 
number.  The curves l eve l  off a t  an a l t i t ude  of 35,000 f e e t  (approximately 
the  tropopause),  since  corrected  engine  speed remained constant  for a 
fur ther   increase  in   a l t i tude.  Courpressor efficiency  for  the normal power 
se t t ing  showed a trend similar to the  higher thrust condition f o r  a vari- 
a t ion   in   a l t i tude .  

Combustion efficiency  decreased  from  approximately 0.99 at sea l eve l  
t o  0.95 at 45,000 f e e t .  This reduction  in  efficiency was due t o   t h e  
reduction in   pressure accompanying the increase i n  altitude; var ia t ion 
i n  corrected  engine  speed  or  thrust  condition had no discernible   effect  
on efficiency. 

Turbine eff ic iency  for  both thrust  conditions  decreased  approximately 
2 percent as a l t i t ude  w a s  increased  over  the  range shown. Inasmuch as 
turbine-inlet  temperature was constant  for a constant thrust condition, 
corrected  turbine  speed was fixed;  therefore,   the  decrease  in  turbine 
eff ic iency  resul ts  from a change i n  Reynolds number or  turbine  pressure 
r a t io .  The change in   tu rb ine   p ressure   ra t io  was very small; consequently, 
the  decrease  in  turbine  efficiency  resulted  primarily from the  reduction 
i n  Reynolds number. 

For an i nc rease   i n   a l t i t ude  from sea l eve l  t o  45,000 feet, it would 
be  predicted that the corrected air flow (excluding Reynolds number 
e f fec ts )   for  the military thrust   condition would increase  about 17 pounds 
per second as a r e su l t  of the  increase  in  corrected  engine  speed. How- 
ever,  actual  corrected  air  flow  (including  the  effect of  Reynolds  nmiber) 
increased  only  approximately 15.5 pounds per  second. 

Effect  of changes i n  component performance on engine performance. - 
The effects   of   a l t i tude on corrected  net  thrust and corrected  specific 
f u e l  consumption at the military thrust   condi t ion  for   actual   a l t i tude 
performance (including Reynold6 number effect ou component performance) 
and for   predicted performance w h e r e  Reynolds number effects have  been 
excluded are shown i n  figure 13(b). For the actual  condition,  corrected 
net  thrust  increased  approximately  linearly  as  altitude was increased t o  
35,000 feet due to   t he   i nc rease  in corrected a3r flow. A n  increase   in  
a l t i t ude  beyond 35,000 fee t   r e su l t ed   i n   s l i gh t ly  lower corrected air 
flows w i t h  concomitant  lower corrected  net   thrust .  The corrected  net 
th rus t  remained equal fo r   a l t i t udes  up t o  approximately 25,000 f e e t   f o r  
both performance conditions  considered, which indicates no discernible 
Reynolds number effect  on engine  performance.  Further  increase i n  al t i-  
tude  to  35,000 feet  resplted  in  sl ightly  higher  corrected  net   thrust   for 
the  condition  excluding Reynolds number effect;   theoretical   corrected 
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net  thrust.remained  constant  for  increase  in  altitude beyond 35,000 feet ,  
becauee corrected  engine  speed and corrected a i r  f low remained fixed. 
A t  an a l t i tude  of 45,000 feet ,   an improvement in  corrected  net  t h r u s t  of 
approximately 3 percent would be attained i f  there were no Reynolds num- 
ber  effect  on the components. 

L 

An Increase  in  the  actual  corrected  specific  fuel consumption ( f ig .  
13(b) 1 of approximately 7 percent (compared with predicted) a t  an alti- 
tude of 45,000 fee t  followed from the  decrease  in component efficiencies.  

The aforementioned  apparent  decrease in   turbine  effect ive flow  area 3 to 
of approximately 5 percent accompanying a change i n  Reynolds number index 
from  0.795 t o  0.164 has  also been analytically determined t o  have a 
rather  insignificant  effect  on engine thrust ,  which indicates that the 
component matching was not  affected  significantly by the change i n  t u r -  
bine  flow  area. 

CONCLUDING FEMAFXS 

The resu l t s  of the  investigation show that the compreseor and tur- 
bine were  matched i n  such a manner tha t  at a Reynolb number index of 
0.795 and the  sea- level   s ta t ic   mil i tary thrust condition  the compres- 
sor  operated a t   t he  design  pressure  ratio of 9.0 with a compressor effi- - 
ciency of 0.845 and a corrected air flow of 167  pounds per second. Maxi- 
mum compressor efficiency  of 0.87 occurred at a corrected engine  speed 
corresponding t o  approximately 92 percent of rated engine  speed. Oper- 
ation at a lower Reynolds number index  resulted  in  decreased compressor 
efficiency and corrected  air  flow. Turbine  operation a t   t h e  military 
thrust condition  for 0.795 compressor-inlet Reynolds number index re-  
su l ted   in  a turbine  efficiency of 0.82 and a turbine  pressure  ratio of 
3.6. Operation a t  minimum Reynolds number index  resulted  in  decreased 
turbine  efficiency and corrected gas  flow. Combustion efficiency  cor- 
related  with combustlon  parameter FT V ( total   pressure  t imes  total  
temperature/velocity, (lb/sq f t  abs) ( 6 R) /  (ft/sec)). Combustion efficiency 
waa not  affected by changes in  corrected engine  speed, and variations 
in   f l ight   condi t ions corresponding t o  a reduction i n  Reynolds number in- 
dex from 0.795 t o  0.164 lowered combustion efficiency from about 0.99 
t o  0.94. 

The to t a l   va r i a t ion   i n  component efficiency  with change in   a l t i t ude  
at a constant  flight Mach  number resul ts  from both a change in  corrected 
engine  speed and i n  Reynolds number index.  For  the  military t h r u s t  con- 
dition, an increase  in   a l t i tude from sea  level  to 45,000 f e e t   a t  a con- 
s t an t   f l i gh t  Mach  number of 0.8  resulted  in a decrease i n  compressor e f f i -  . 
ciency from 0.86 t o  0.78; of this decrease,  about  two-thirds was due t o  
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the  increase in corrected engine speed.  For  the same operating condi- 
tions,  turbine  efficiency  decreased  approximately 2 percent,  primarily 
as a r e su l t  of the  reduct ion  in  Reynolds number index. 

Lewis Flight  Propulsion  Laboratory 
National Advisory C o d t t e e  for  Aeronautics 

Cleveland, Ohio, September 22, 1953 



14 -. NACA RM E53118 

APPENDIX A 

SYMmLS 

The following symbols are  ueed i n  tbia report: 

A cross-sectional area, sq f t  

C 
P' 

specific  heat at constant  pressure, Btu/(lb)(%) 

acceleration. due to   gravi ty ,  32.2 f t / sec  2 

H total enthalpy,  Btu/lb . 

K p  K2, K3. - constants 

M Mach  number : 

N engine speed, rpm " 

P t o t a l  pressure, lb/sq f t  abs 

P 

R 

T 

t 

v 

'cr 

static pressure, lb/sq f t  abs 

gas constant, 53.4 f t - lb / ( lb)  (OR) 

t o t a l  temperature, OR 

s t a t i c  temperature, OR 

velocity,   f t /eec 

c r i t i ca l   ve loc i ty ,  d-, ft /sec 

wa air  flow, lb/sec 

Wf f u e l  f low, ~ b / h r  

% gas flow, lb/sec 
" 

corrected turbine gas f l o w ,  Lb/sec 

P turbine  weight-flow  parameter, (lb) ( r p d  
'3 6 0 6  s ec 2 

." 

. 
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Y 

6 

cp 

Subscripts : 

a 

b 

C 

e 

f 

g 

i 

m 

t 

r a t i o  of specific  heats 

pressure  correction  factor, P/2116 (total pressure 
divided  by NACA standard sea-level pressure) 

efficiency 

temperature-correction f a c t a ,  squared r a t i o  of 
c r i t i c a l   v e l o c i t y  to critical velocity at NACA 

standard  sea-level  temperature (519' F), - ( v 5  
r a t i o  of absolute  viscosity at altitude to   absolu te  

viscosi ty  a t  NACA standard sea-level  conditions 

air 

conibustor 

coqres so r  

engine 

f u e l  

gas 

indicated 

manif old 

turbine 
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NACA standard  sea-1evel.conditions 

engine i n l e t  

conrpreasor out le t  

t u rb ine   i n l e t  

turbine  out le t  

d i f fuser   ou t le t  

exhaust-nozzle i n l e t  
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APPENDIX B 

METHODS OF CALCULATION 

Temperatures 

17 

T o t a l  temperatures were determined f r o m  indicated  temperatures by 
the following equation: 

where 0.85 is the  impact  recovery  factor f o r  the PIACA thermocouple  used. 

Alr Flow 

Air f l o w  was determined from pressure and temperature measurements 
at the   engine  inlet   (s ta t ion 1) and at a s ta t ion  i n  the   i n l e t - a i r  duct 
(not shown i n  fig. 2). Values fo r  a b  flow obtained at these two sta- 
t ions showed good agreement  and w e r e  obtained by the  equation 

Gas Flow 

The gas f l o w  downstream of the combustor adjusted for engine leak- 
age i s  

Wf wg = wa + - 3600 
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Reynolds Number Index 

For a given conq?ressor Mach  number (corrected  engine  speed), Reynolds 
number index var ies   l inear ly  KLth Reynolds number and is  defined as the 
r a t i o  of Reynolds n u b e r  at a l t i t ude  to Reynolds number at standard sea- 
level  conditions : 

Reynolds - number index = - 6 

9 4  

Combustor-Inlet  Velocity 

With the  use of combustor Mach number %, combustor-inlet  velocity 
was determined  from the fallowing equation:, 

where 

Turbine-Inlet  Total Temperature 

Turbine-inlet  tutal  temperature w a s  calculated on the assumption 
that  the  enthalpy drop across the turbine is equal t o  the enthalpy r i s e  
across  the compressor. From t h i s  assumption, the temperature  drop 
across  the turbine, Nt, may be computed from 

where ATc is the  temperature.rise  across  the compressor. 

Since the  turbine-outlet  temperature T, i s  known, 

T 3  = ATt + Tcq 
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Compressor Ef ic iency  

19 

0 
w 

% 

7 
4- 

a3- 
P 

Compressor efficiency w a s  calculated from the  tables  presented i n  
reference 4 with  water-vapor  corrections  neglected. With the known -1- 
ues of compressor pressure  ratio and %, “1 and HI can  be obtained 
from the table6 (where d i s  the  relative  pressure  function). From 
the  re la t ion 

p2 
‘IC2 = p1 x1 

x2 and H2 (isentropic) were found. From the  measured value of T2, 
H:! (actual) was obtained from the  tables .  Compressor effictency was 
tgen  calculated by 

- 
9, - 

Couibustion Efficiency 

Combustion efficiency is defined as the r a t i o  of the  actual  enthalpy 
rise of the  
increase i n  
fue l  : 

gas ~ i l e  passing -tbro~@ the engine to the   theoret ical  
enthalpy  that would resu l t  from complete conibustdon of the  

where 18,700 Btu per pound is the  lower heating value of the fuel. 

Turbine Eff  iclency 

Turbine  efficiency w a s  obtained from the   re la t ion  

! 
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work done by turbine 
'It = adiabatic  ideal work of expansion 

Q) 
Q 

M 
0 

T3 + T4 where rt is based on 
2 and fuel-air   ra t io .  

1. Medeiros, Arthur A.,  Benser, W i l l i a m  A . ,  and Hatch, James E. : Andy- 
sis of O f f - D e s i g n  Performance of a 16-Stage Axial-Flow Compressor 
with Various Blade Modifications. NACA RM E52M3, 1953. 

2. Berkey, William E.: Over-All Performance of the  571 Three-Stage 
Turbine. NACA RM E52B29,  1952. 

3. Childe, J. Howard: Preliminary Correlation of Efficiency of Aircraft 
Gas-Turbine Combustora for Different Operating  Conditions. W A  
RM ESOF15, 1950. 

4. Amorosi, A.: Gas Turbine Gas C h a r t s .  Res. Mem. No. 6-44 (Navships 
250-330-6), Res. Branch, Bur. Ships, Navy  Dept., Dec. 1944. 
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TABLE I. - COMPONENT PERFORMANCE 
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. 
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OF 600-B9 TURBOJET ENQINE 

DM rwt 
6.150 102.7 
6.471 107.8 

7.350 117.1 
7.769 121.5 

6 . g n   1 1 2 . 9  

8.24'2 127.0 
8.679 1so.8 
6.045 101.1 
6 . m  108.2 
8.S40 112.9 

7.298 118.4 

8.oB4 126.8 
7.699 122.9 

8.451 130.5 
8.781 134.5 

9.038 156.0 
5.970 103.9 
6 3 5  108.2 
6.712 118.4 
7 . 1 s  118.6 

-" - "_ - - 
7.947 126.8 
8.258 130.7 
8.593 115.6 
8.848 1SS.7 

5 . m  104.0 
K d l 5  114.4 
7.033 119.4 

7.746 127.0 
7.361 121.1 

8.- Iso.8 
8.169 155.8 

8.692 l a . 9  
6.487 114.9 

8.807 1 w . 5  

5 . 0 0 0  fHt 

9.212 

8.528 93.7 
7.918 90.4 

8.855 96.0 
8 .8P8  97.7 
9.158 98.3 

7.779 80.8 
8.142 93.7 
8.468 85.9 
8.77s 97.6 
9.008 98.7 

s.008 98.9 
9.167 98.8 
7.767 90.9 
7.910 95.8 
8.263 96 .1  

8.788 98.8 
9.014 99.1 
7.543 95.0 ""_ 85.8 

8.100 96.8 
8.148 98.4 

8.640 100.1 
8.407 99.1 

8.758 100 .2  

""- "" 

5210 
u51 

5588 
645s 

6689 

59s7 
5816 

5JJ1 
5210 

54 55 

6574 
E689 
5810 
59J7 
6058 

6100 
5210 
SW1 
5465 
6574 

5685 
5- 
6951 
6052 
6191 

5468 
6216 

5578 
6683 
E4 10 

6911 
s a 7  
6185 
5220 
5LBJ 

sg85 
E855 

6681 
6789 
5928 
6047 
8197 - 
- 
6741 
5863 
6W1 
6126 
g284 

5735 
5859 
6984 
8108 
B P S  

5741 
5 w  
5988 
6 l l 4  
8259 

6238 
lu84 
6741 
5884 
6995 

6Z26 
6246 

57- 
6570 

5.999 

E989 

6162 
5288 
8358 

126.5 
132.7 
159.3 
144.7 
l m . 6  

182.7 
-7.5 

u 5 . 5  
127.4 

159.6 

146.4 
182.5 
157.4 
182.5 
167.6 

168 8 
127.9 
W3.8 
145.4 
147.1 

"" 

167.8 
162.6 
166.2 
169.0 

l28.3 
141.5 
147.8 
162.8 
168.0 

162.6 
lea .5 
168.9 

141.8 
128.5 

147.8 
152.2 

1W.P 
169.8 

162.8 
186.6 
168.0 - 

154.5 .as98 
159.8 .a569 
183.7 .e498 
186.5 . w e  
108.9 .E45 

154.7 A s 1 4  
160.0 .as05 
184.0 .a482 

169.4 -8515 

189.3 .am01 
164.6 "727 

164.2 .a454 159.1 .a546 

187.5 . a 4 s  

1m.1 .a161 

188.2 .a274 
"" 

167.1 .BE41 
170.1  -8147 

161.6 

164.7  .e479 
167.3 . W P  
167.7 .EM2 
169.6 -82 l l  
170.3 .E175 

).0585 

. m 7 8  

.Ob96 

"71 
.mm 

.am 
-0567 
.OB04 
. O m  
"SS 

.os93 

.OS92 

.as81 

.we0 .0581 

.a581 .OK22 

.os18 

. m 2  .oBQs 

.0808 

.a598 

.mPS .09III .06s% 

." 

.W36 

.0629 .cszs 

.MI6 

.c612 

. a 1 5  

.OK15 

.m74 

.OW1 

.OB55 

.w1 

.Om8 

. m 1  

.W35 

. m 5  
" 5 5  - 

) .W8 
.ME9 
. W O  
. O W  
.a488 

.os63 

.mu4 .os50 

. a 1 9  

.E13 

.084 

.csss 

.a539 .as30 

.os= 

.09s 

. m 7  

. m 9 3  
"79 

.OS63 

.mi 

.c6(6 

. a 2 7  

.mm 

.OS38 

.m97 

.m .am 

.ma7 

1.- 1.n1 
.€Ius6 1" 

.Bela 1.514 

.97!i7 3.3P 

.6902 5.s56 

1.- 3 . w  
. s a 2  1.345 

1.m 3.399 
.9%7 3.459 

.mm 5 . m  

.sa79 5.477 

.898? s.4- 
1.m 3.46s 

.9895 3.623 
1.m 5-524 

.=x) 1.553 
1.m 5.507 
1.010 1.566 
1.028 5.810 

-9888 3 . a 9  

- "_ - - - - 
.9869 5.715 

1.- 5.725 
1.m 3.748 

.gam 1.758 

1" 5.727 

1.- 5.ssa 
.8851  5.954 
.9767 4 . m  

.si88 4 . m  

-9818 4.068 
. . 9 w  4.059 
..9?sQ 4.255 

. W O  1.191 

1.m 4.528 
.BE18 4 . 5 s  

1 . m  4.398 

.87W 4.468 

.BE97 4.446 

-9811  4.486 

1.017 3.w 

.sa15 4 . ~ 9  

- 
0.6891 

.9932 

. 9 m  

.9958 

.9882 

1 .m 
I .004 

.9862 

.9S66 

.9902 

1.W 
I .001 
.99m 
. 9 4 p  
.SS21 

.El964 

. o s 5  

.s852 

.9745 

"" 

.BE34 
-9921 
"e4 
"" 

.9848 

. 9 m  

.9950 

-9953 
I .m 

2984 40.95 30.82 

2806 4 r . m  5o.w 
a79 40.81 51.41 

2957 40.85 31.19 
2%5 40.84 51.28 

x u 2  41.03 51.85 
a 8 1  40.86 11.69 

so21 41" 52.50 
Jou) 41.08 32.39 
son 4 1 2 3  52.55 

an 40.75 ~ 1 . 8 6  
5110 40.78 5P.55 

2986  40.75 32.11 
JON "" 

3041  40.81 Sa.68 
s2.33 

" 

5092  40.71 SS.S 
5105 " 
31% 40.94 53.65 

u . 5 9  

3156 41.07  51.77 

SOBZ 40.51 W.15 
11m 40-a 35.88 
3147 40.63 s.40 
3151 4o.m 34-68 
5192 40.67 35.05 

"" ""- 

3.315 

3.488 .8pB7 2376 40.89 51.82 

5.516 -8225 SO26 40.84 12.05 
1.492 A 2 6 1  2998 40.88 51.79 

5.525 -8107 x)67 40-78 S2.21 
5.- .818O SO75 40.67 12.37 

5.885 .E266 Soso 40.75 52-88 

5.m .U80 11C4 40.66 55.17 

5.737 .Bp2 3 l m  40.61 55.49 

5.715 .am8 x.81 4o.m =.a0 
5.m .e212 5 1 s  4 0 . ~ 6  s . 5 5  

3.767 .a182 5145 40.68 =.XI 
5.784 .8189 3173 40.70 S3.59 
4.108 .BOSS 5142 3 9 2 4  Y . 5 7  
4 . W  .BIBB S l m  40.15 34.75 
4.v6 .E142 1m 10 .52  S4.84 ""_ " ""  "" 

4.075 A176  3251 4 0 . S  W.01 
4.121 .82w 3285 40.18 35.02 
4.588 -7818 5154 40.15 SS.96 

- "_ - - " - - 

" - - - - - - - I " 
4.470 .an9 s a 0  40.93 ~ 6 . 6 4  
4 . 4 m  .e102 ssu 40.25 36.80 

"" ""- 

4.484 .WS9 UZS 40.19 3K.W 
4.510 . m a  3144 40.10 56.78 
4.492 .El48 5341 40.S2 58.69 

23 

1 4 6 . l X d  
1e5.6 
ISBA 
raa.4 
194.2 

209.8 
2za.6 
155.5 
150.1 
160.8 

175.9 
106.6 
197.9 
"3 
223.5 

226.0 
115.0 
142.5 
156.7 
165.4 

- - " "_ - 
186.1 
196.0 
207.2 
215.6 

123.2 
142.8 
152.5 
165.5 
1 m . 9  

178.0 
181.5 
196.9 
ll4 .O 
112.0 

149.6 
141.5 

1w.6 
160.0 
167.7 
175.0 
185.1 

- 
1 
2 
3 
4 
5 

6 
7 
a 
9 '  

10 

11 

11 
14 
IS 

16 
17 
18 
19  
20 

21 

23 
2P 

24 
a 
26 

28 

30 

S I  

55 
s? 

ss 
34 

38 
1 7  
M 
59 
4 0  
41 - 4 2  

l a  

a7  

a 9  

142.1 
149.7 

182.2 
15k.4 

10 

124.9 
112.9 
159.7 
145.5 
151.6 

14 

116.0 
lz-2.7 

18 

129.0 
19  

- - - " " - 
119.9 
144.9 

n 
108.8 

23 
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TABLE I. - Continued. COMPONENT I . 
- 
3560 
3805 
40M 
4280 
3 2 s  

3450 
3640 
3850 
(OB0 
2885 

Jo16 
s265 
%so 
S6?A 
24 R) 

2855 
2845 
5ooo 
3180 
3376 

2360 
274) 
r n 6  
3080 - 

1 
ti tud. 

1877 
1 8 a  

1717 

- 
l e13  

"" 

1622 

1613 
1566 

1608 
1301 

1427 
1464 
1wo 
1 W  
1274 

1310 

1%35 
1429 
1401 

1201 

1317 
1373 .. 

tlrrrd. 

In6 

m r  

- 

- ( a  

1968 

2104 
2151 
1811 

1946 
l8Sfl 

z(u1 
1996 

1600 

1711 
1169 
l6ul 

1434 
1041 

m a  

m a  
1581 
16Z8 

1681 
1661 

1SUe 
l4S6 
l4W 
l4D8 

(d 

- 
0.425 

.424 

.424 

.451 

.424 

.424 

.42s  

.424 

.424 

. 4 l 8  

.419 

. (I8 

. 4 l 8  

.419 

.417 

.4xI 

.417 

. 4 m  

. 4 n  

.4z2 

.4s7 

.&31 

.4 s2  

.4sa 

- 
5606 

5971 
My8 

5- 

6727 
1-9 
5911 

6Bog 
BOBJ 

5727 
5-9 
6911 
8093 
SgO6 

6'127 
nab8 
6971 
8095 
8216 

6127 

6085 
6215 

1727 

5971 

- 

- 
462  

4m 
46s 

462 
464 

484 
484 
483 
46s 
4 70 

4  70 
4  70 
4 10 

469 
4  70 

489 
489 
469 
469 
469 

459 
468 
460 
457 - 

- 
184 
186 

783 
779 
782 

1.34 
180 
18S 
781 
17s 

771 
177 
778 
176 
Is( 

181 
TBO 

77a 
175 

768 
785 
782 
782 

7-14 

- 

76 7 
767 
768 
767 
7e5 

787 
765 
781 
766 
785 

764 
764 
764 
788 
76 7 

785 
768 
765 
786 
785 

767 
187 
7R8 
768 

.184 

.178 

.178 

.lb? 
-176 

.180 

. I78 

.173 

.173 .180 

.162 

.I52 

.lea 
-141 
.176 

.17S 

.1m 

.150 

. l e 3  

.118 

.la0 

.173 

.173 

.160 

836 6081 1737 6% 1S23 
960 8BoI 1785 6483 lS63 
984 7082 1830 6 W  1100 
980 7CzO 1842 6781 1t53 
997 7398 1941 8-2 1905 

916 6589 1623 8182 1216 
946 8843 1150 6617 lsOb 
962 7086 1177 E650 1S51 
978 7266 1840 6822 1402 

I I I I 

- 
1829 
1521 

1689 
1144 
1421 

1618 

lg?l 
1514 

17W 

1796 
1529 
1412 
1462 
1011 

1580 

1878 
1621 

1726 
1189 

128s 
lS40 
l315 
1 k x I  
14 12 

1526 
1663 
1102 

1209 

leea 

l l m  

law 
1293 
13% 
1 s  
144s 

1411 
151 1 
1ME 

1961 
1630 

1'141 
1390 
1406 
1487 
-12 

1665 
1620 
1681 
1'155 
1253 

1381 
1501 

1441 
1402 

m a  
"" 

le49 
1688 - 

- 
4 93 
4 8 5  
493 

488 
488 

48) 
;90 

485 
486 
487 

4 93 
4 8 0  
481 
4po 
483 

485 
4% 
482 
482 
483 

407 
403 
486 
487 
486 

485 
48a 
491 

4- 

484 
484 
48a 
4 m  
489 

8W 
6% 
6 s  
8 2 l  
824 

650 
8za  

6.23 
826 
627 

623 
626 
825 

E34 

4m 

124 

e s 2  

e a  
6 s  

828 
" 

- 
4a4s 
3767 

4633 
3881 

41% 

4663 
4380 

4 709 
4 m  

492'1 
3622 
4010 
a267 
4482 

4624 

4792 
4709 

4818 
3519 

s m 7  
4192 
4310 
1419 
4558 

4630 
4711 
5165 
sese 
4039 

4 2la 
4 3 s  
4459 
1 S 9  
4-6 

law 
624 7 
6um 

5aoa 

4263 

med 

rrm 
m a  
s%l 
63?s 
Bo9 
5682 
5sll 
m 7 3  
6187 
4680 

4 s e l  
5318 
5171 
5580 
5171 

5861 

8 1 R  
-6 

- 

479 
480 
4 19 

4 78 
4 76 

.203 

.210 .205 

.1m 

. l l S  

.188 

.165 

.147 

.147 .m 

.2m 

.lea 

.193 

.156 

. l o1  

.W6 

.118 

.lo7 

.118 .ma 

.1m 

.147 
-147 
.ins 
.I47 

-147 
. l e 4  .2(u 
,160 
* 166 

.1m 
,147 
.184 
.165 . m a  
.e4a 
.a47 
.E46 . 6SS 
.E32 

.62E 

.651 

.626 

.os4 
ASS 

-625 
.E29 
.626 
.Ea0 
, q 4 1  

.a0 

.E45 
, 6 3 1  
.a 

I 0 2 9  
I029 
,825 

o.zm 
.275 
.272 
.211 
.273 

,270 
.270 
.e10 

.271 

.268 

.OB8 

.268 

.289 

.270 

.289 

.272 

.2m 

.2ee 

. 2 m  

. 2 n  

. 2 n  

.27l 

.271 

.m 

.a71 

.X8 

.272 

.a71 

.=e 

. 2 m  

.PES 

.269 

.a70 .2m .no 
242 

.Z41 

.512 

.m .so 

.Ea8 

.512 

. % l  . S l  

. M I  

.343 
3 6 7  
.3K7 
.SsB 
.342 

.342 

.S41 

.S42 

. s42  

.JBl 

.s67 

.357 

"" 

1786 
187s 

2043 
2101 
1593 

184 7 
16% 

a001 
2okl 
ell3 
21 73 
l604 
1780 
1-7 
1910 

1867 
2020 

2l23 
2085 

1566 

1890 
1731 
l l W  
la20 
la87 

1947 20u 
1563 
1477 

1619 

1667 
1129 
117s 
1M7 
18QS 

lb(n 
1175 

al3 1 U 3  

2017 

2130 
1mO 
1763 
1833 
1903 

1970 a20 
2143 
1616 

1867 
1137 
l e03  
18SO 

2om 

" 

1Y70 
2023 
ma3 - 

Sam 
-9 

4015 
4378 
s477 

sa93 
4 1 3 0  
4282 

4651 

4849 
3411 
-9 
4016 

4431 

4 l m  

4 s s o  
44s4 
4616 
4596 
1301 

3720 

4-1 
3959 

4 2 Y  
4 288 

1363 
44M 

3617 
3234 

3790 

3851 
4087 
4103 
4270 
4301 

4610 
4847 

5261 
6253 

5.180 

6681 
4400 
< m 4  
4S49 
6180 

5s87 
5584 
5728 
5851 
4418 

4614 
4963 
5055 

as? 
5215 

5538 
6 M a  
6768 - 

lQl8 

1- 
1201 

1321 
1CSX 

1113 
117s 
l a 6  
1263 
lam 
1316 

931 

loB9 
1031 

1129 

1159 
11W 
1 X n  
lZ24 
858 

924 
071 

1- 
1- 
1011 

1063 
loso 
am 74I 

041 

a n  
oQ1 
9'20 
941 
951 

1376 
1402 
1660 
1571 
1650 

1102 
1272 
1348 
1438 
146s 

LsdD 
1S74 
1616 
1641 
1176 

1248 
lssa 
134s 
uos 
"I 

146S 
1504 
1 3 a  - 

5240 lax 
54% nu 
6808 241C 
5727 26% 
6240 18B( 

5482 2018 
6soB te3c 
5127 23M 
6849 2Mx: 
5971 264E 

6063 a 1 c  
6240 1488 
5404 1806 
58cu 18% 
6727 211a 

461 
461 

469 
458 
482 

4 78 
178 
478 
4 78 
419 

479 
479 

477 
479 

478 

481 

468 
498 
468 

461 

458 
462 
4 6 0  
457 
458 

479 
479 
4 78 
477 

458 
469 
460 
458 
460 

5849 2275 
5971 2380 
6093 2545 

5240 1271 
c a s  26h¶ 

5484 1574 
5808 1 m  

x u 9  1em 
6811 ZOBQ 

5727 m a  

i 7 9  

419 
479 
419 
419 
410 

461 
409 
468 
458 
458 

418 
479 
477 
47s 
477 

458 
463 
480 
469 
458 

479 
477 
479 
477 
481 

469 
469 
459 
469 
459 

6721  1190 
5049  114) 
S S T  1805 
6093 19% am 
6240 Q2M 
'5362 2520 
5464 2770 
5608 2800 
5721 3126 

480 
4eQ 
481 
479 
417 

417 

480 
4 18 
479 

419 
478 
4BO 
4 18 
4 78 

4 el 454 
165 

4s4 
4% 
485 

5049 5550 
6240 2010 
5582 2240 

S606 26aO 
6494 a m  

4e4 
46s 
4BI 

455 
485 

5727 2800 
5049 50% 
5971 3215 
ea83 3403 
5240 1810 

5362 '2010 
9184 22260 
5606 2350 
5127 2623 
6849 2700 

a 
4bS 
459 
463 

403 
463 

463 
483 
463 

479 

418 
478 
40l  

S971 
eo93 
6215 

2875 
3045 
3170 

8% 
6% 
628 - 
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PERFORMANCE OF 600-B9 TURBOJET ENGINE 

E c I I I I 
- 
M . l  
6 2 . 4  
66.5 
88.3 
62.7 

64.5 
65.7 
83.2 
66.4 
62.1 

83.4 

65.4 
64 -4 

85.8 
82.5 

84.0 
m.0 
65.5 
Q.9 
s.7 

66.2 
66.5 
66.7 
67.2 - 

26,m f * I  

8.W9 
9.209 
9.517 

8.673 
9.020 

9.010 
9.m 
9 -564 
8.777 
8.436 

8.783 

8 .550 
9.161 
8.m 

8.529 
8.851 
9.1% 
9.m 
9.M8 

8.M8 
8.867 
9.060 
9.292 

9.099 

s ~ . w a  rea 
7.621 
1.672 

7.54s 
6.494 

8.441 
8.894 
9.1- 

9.873 

9.9% 
7.592 
8.567 

9.238 

9.Q4 
9.7a9 
9.942 
10.120 
7.158 

1.168 
1.620 
1.868 
9.187 
9.379 

9.585 
8.727 
7.033 

8.328 
7.888 

1.708 
8.857 
8.137 
9.578 
9.611 

a.647 

8.ms 

8 . m  

8.2x) 
0.742 
8.912 
9 3 0 4  

9.678 
7.558 
1 .om 
8.585 
8.786 

9.- 
8.467 
8.717 
8.9M 
7.382 

7.891 
8.382 
8.594 
8.881 

7.m9 

"_ 
9.425 
9.672 
9.7W 

- 
S.SS6 
s.526 
3.513 
5.552 
5.- 

5.524 
5.537 E: 
5.m 

3.76 

3.7m 

4 .as 
4 .a72 
4.101 

4.u7 
4 .os5 

4" 

4 311 

4.587 
4.541 

4 -b51 

3. no 
3.770 

- 
- 
5 .%I 
3 .3ll  
3.174 
5.515 
3 .46s  

3.498 
3 . m  
5.S24 
3.514 
5.501 

3.sss 
3 . W  
3-724 
5.654 
S.?l7 

5.m 
5.726 
5.m7 
5.7- 
3 . m  

4" 
4" 
4.041 

4 .Il7 

4 .la 
4.095 
4 . s  

4.468 
4.449 

4.609 
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Figure 1. - I n s U t i o n  of 6 M B B  m@ne in a l t i t u b  wind tunnel. 



. .  

* I 
3089 I 

1 1  28 I B  
2 LB 1. J I  4 z"L I :  
5 0 
8 

a6 
B 

18 
4 

0 
l2 

r m 

N 
Io 

. .  



30 R. 

Flight Mach number, % 

Figure 3. - Variation of Reynolds number Yndex w i t h  t r u e  a l t i t u d e  and 
f l i g h t  Mach number. 
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Figure 4. - Compressor performance map. 
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FFgure 5. - Effect of Reynolds number index on compressor  performance. 
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(a) Reynolds number  index, 0.795. 
Figure 6. - Compressor performance map showing lines of constant turbine-inlet to 
engine-inlet temperature ratio. . 
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Figure 6. - Concluded. Cmpressor performance map showing l ines  of constant 
turbine-inlet to engine-inlet  temgerature  ratio. 
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Figure 8. - Turbine performance maps. - 
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Figure 9. - h'ffect of R e y n o l d s  number index on turbine performance. 
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Figure 9. - h'ffect of R e y n o l d s  number index on turbine performance. 
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Figme 10. - Vnrlation of owbustion efficiency d t h  combuetion parameters. 
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Figure 12. - Effect of Reynolda number index and corrected engine 
speed on combustion efficiency. 
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(a) Compressor, combustor, and turbine efficiencies and corrected 
sir flow for two thrust conditions. 

Figure 13. - Effects o f  al t i tude  on engine performance. Fllgbt Mach number, 0.80. 
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Figure 13. - Concluded. Effects of altitude on engine  performance.  Flight 
Mach number, 0.80. 
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